K,HPO, in excess of 0.5% (wt/vol), were inhibitory to lysin production; increasing concentrations of L-arginine-hydrochloride gave increasing yields of lytic activity.
Brock et al. (4) , in a survey of the bacteriocins of the enterococci, described a bacteriocin from Streptococcus faecalis var. zymogenes X-14 that possessed hemolytic and bacteriolytic activities. Additional work by Davie and Brock (3, 6, 7) provided evidence favoring the notion that a single entity was responsible for both hemolytic and bacteriolytic activity. Using mutants of S. faecalis var. zymogenes X-14, Granato and Jackson (10) were able to demonstrate that the hemolysin exists as a bicomponent system, consisting of an A (activator) and an L (lytic) component. Upon purification from the respective mutant cultures, both components were shown to be acidic proteins, the A protein having a molecular weight of 27,000, and the molecular weight of the L component determined to be 11,000 (11, 12) .
All reports concerning hemolysin production by the group D streptococci have dealt with preparations obtained from cells grown in complex media. For example, a serum-beef infusion broth was used by Plummer (18) , whereas Irwin and Seeley (17) found that a polynucleotide from yeast autolysate could stimulate the activity of hemolysin when this polynucleotide was used to supplement their neopeptone-beef infusion medium. The synthetic medium (15, 19) . It was of interest to us, therefore, to determine if a synthetic medium could be developed for lysin production and to compare these nutritional requirements with those of protease production. In any event, the definition of a synthetic medium for lysin production might provide the conditions necessary to facilitate further experiments on the regulation of lysin biosynthesis.
( In an attempt to determine if glucose might have a negative impact on lysin production, the effectiveness of this sugar was compared with that of two sugars (lactose or galactose) that give maximal yields of protease in a synthetic medium (19) . Table 1 shows that the results of such an experiment on lysin production are analogous to those obtained with protease.
Using the optimal phosphate concentration and 0.2% lactose, sources of amino acids were varied in the N-Z Case synthetic medium. Table 2 shows that acid-hydrolyzed casein plus tryptophan and arginine, as well as a mixture of 18 single amino acids, are able to sustain conditions for bacteriolysin biosynthesis. This situation is analogous to that of extracellular protease biosynthesis by S. faecalis var. liquefaciens (15, 19) where the enzyme is elicited in a completely synthetic medium. Also, as with the extracellular protease (5, 13, 14) , the concentration of arginine appears to play a singular role (see media 2 and 3, Table 2 ).
If S. faecalis var. zymogenes X-14 is grown in a completely synthetic medium, in which 18 amino acids are used in place of the casein hydrolysate, the cells grow at a slower rate, and less lysin is obtained (medium 4, Table 2 ). However, Table 2 also shows (medium 5) that the lesser activity can be overcome by allowing the cells to incubate longer.
Time course of lysin production. To determine the time course of lysin production, a 10% inoculum was used to inoculate a flask of 90 ml of medium 3 (Table 2 ). Periodically, samples of 10 ml were withdrawn from the flask, the OD was determined, the samples were iced for 10 min and centrifuged, and the supernatant fluid was kept on ice until assayed. The results (Fig. 1) indicate that lysin production reaches a peak when the culture has entered the mid-log phase and then declines Lysin was prepared and assayed as described in Materials and Methods. mg; adenine, guanine, and uracil, 0.5 mg each; riboflavin, calcium pantothenate, pyridoxine-hydrochloride and niacin, 0.1 mg each; folic acid and biotin, 0.1 gg each. The pH was adjusted to 7.0, and the final volume was brought to 100 ml with double distilled water. For the other media tested (no. 2-5) the N-Z Case was omitted and replaced by acid-hydrolyzed casein (with the indicated supplements) (Nutrition Biochemicals) or by 18 amino acids, as described.
c Concentrations of amino acids (as based on their percentage occurrence in 0.2% hydrolyzed casein, except for arginine, which is higher) are: L-alanine, 7.4 mg; L-arginine -hydrochloride, 405 mg; L-aspartic acid, 14.2 mg; L-cystine, 0.7 mg; L-glutamic acid, 46.6 mg; L-histidine-hydrochloride, 6 .0 mg; L-isoleucine, 12 .4 mg; L-leucine, 20.6 mg; L-lysine -2HCl, 16.8 mg; L-methionine, 6 .8 mg; L-phenylalanine, 10 mg; L-proline, 21 .2 mg; L-serine, 12.4 mg; L-threonine, 8 .2 mg; L-tryptophan, 3 .0 mg; L-tyrosine, 12 .0 mg; L-valine, 13 .6 mg; glycine, 4.0 mg. Lactose (200 mg), KZHPO4 (250 mg), and the salts, purines and pyrimidines, and vitamins were used at their concentrations in medium no. 1. The pH of the medium was adjusted to 7.0, and the final volume was brought to 100 ml with double distilled water.
d In this experiment, cells were harvested at 120
Klett units, and the supernatant fluid was asayed for lytic activity. (14, 19) . In comparing nutritive requirements for extracellular protease production to extracellular hemolysin production, the only dissimilarity appears to be the inhibition of lysin production by concentrations of K2HPO, in excess of 0.5% (wt/vol). All other attributes of the synthetic medium are strikingly similar. For example, lactose and galactose are both more effective sources of carbon for hemolysin than they are reported to be for protease (19) . The negative effect of glucose on lysin production may stem from catabolite repression; Duncan and Cho (9) have reported this phenomenon with regard to glucose and staphylococcal alpha-toxin production. Alternatively, glucose may stimulate greater synthesis of a lysin inhibitor, which is also known to be synthesized by these organisms (3, 21) . This lysin inhibitor has recently been characterized by Werth (6, 7) had demonstrated that the lysin itself was membrane specific. This is to be contrasted with the autolysin of S. faecalis described by Shockman et al. (20) whose substrate is cell wall peptidoglycan. These latter workers have reported that maximal autolysin is produced during the logarithmic growth phase (16) . They have speculated also that the autolysin is functionally associated with the process of cell division through peptidoglycan cleavage (16) . Since our bacteriolysin is also produced maximally during the exponential phase of growth, its cellular function may be membrane cleavage in a fashion analogous to the requirement of autolysin for division.
The beneficial effect of increased arginine concentrations for hemolysin production is in keeping with similar observations for enterococcal protease (14) . We do not know yet if increased arginine is necessary as the sole source of adenosine 5'-triphosphate (8) to synthesize hemolysin, as has been reported for protease biosynthesis for S. faecalis var. liquefaciens (5); it is possible also to explain the increased lysin resulting from increased arginine in terms of the arginine repressing the synthesis of lysin inhibitor.
aEach strain was grown on the indicated medium, and the supernatant fluid was assayed for lysin. In experiment 4 the supernatant material of two cultures was used, employing a ratio of three parts X-14/A18 to 17 parts X-14/NGBL2. The total volumes of supematant fluid were constant for all tubes as described in Materials and Methods.
